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PLUNGER AND PLUNGER ASSEMBLY FOR A 
CARTRIDGE, SYSTEM FOR STORING A 
SUBSTANCE, AND METHOD OF FILLING 

AND SEALING A SUBSTANCE IN A 
DELIVERY SYSTEM 

FIELD OF THE INVENTION 

[0001] The present invention is directed to a plunger, a 
plunger assembly, and a system for storing a substance or 
substances, preferably ?oWable substances, and a method of 
?lling and sealing a substance in a delivery system. In par 
ticular, the present invention provides for substantially air 
free ?lling and storing of substances in a delivery system. 

BACKGROUND OF THE INVENTION 

[0002] A common dif?culty encountered during the manu 
facturing of standard delivery systems is to provide encapsu 
lation of the stored substance Without voids or air bubbles. A 
standard process to avoid trapping air in a storage system or 
delivery system during assembly of the plunger of the system 
is to assemble the system under vacuum. HoWever, a total 
absence of air cannot be achieved, so there Will be a small 
amount of remaining air in the storage or delivery system. 
Furthermore, the use of a vacuum can also cause evaporation 
of the ingredients of the substance. The evaporation of ingre 
dients may have a serious impact on the stored sub stance if the 
?lling volume is very small, such as 1 ml or less, and if precise 
dosing is important, as With pharmaceutical products. 
[0003] Another conventional process for ?lling a delivery 
system is to do so from the front end of the dispenser, Which 
is the end through Which the stored substance is dispensed. 
The plunger is thereby pushed backWards during ?lling. 
HoWever, this process is limited to systems that alloW ?lling 
from the front end. 
[0004] US. Pat. No. 5,178,305 relates to a dispensing car 
tridge With a storage cylinder and a dispensing piston Whose 
bottom surface facing the cartridge contents is progressively 
recessed toWards an air evacuation bore. The evacuation bore 
is sealed by a closure. 
[0005] WO 01/94028 relates to a ventilation device for a 
piston for a cartridge, comprising a ?rst piston part Which 
rests sealingly against the cartridge Wall and a second piston 
part, Which forms a valve together With the ?rst piston part. 
Said valve opens When a pressure is exerted on the rear side of 
the piston so that the air that is trapped betWeen the ?lling 
composition and the piston can escape. According to the 
invention, a ?lter section is provided in front of the valve, 
betWeen the tWo piston parts, as seen from the ?oW path of the 
air through the valve. This ?lter section has at least one 
narroW channel Which forms a penetration barrier for the 
?lling mass and ensures that the valve remains dry and free of 
dirt. 
[0006] Further reference is made to EP-A-0 344 491, EP 
A-O 463 991, FR-A-2 626 248, EP-A-0 497 739, and US. Pat. 
No. 4,951,848. 

SUMMARY OF THE INVENTION 

[0007] According to a ?rst aspect, the present invention 
provides a plunger for a cartridge. The plunger has a ?rst end 
and an opposite second end. The plunger comprises a pas 
sageWay Which extends betWeen the ?rst and second ends. 
The plunger comprises at least one constriction that is 
arranged in the passageWay betWeen the ?rst end and the 
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second end. The diameter of the constriction is smaller than 
the smallest diameter of a plug that is movably insertable into 
the passageWay. 
[0008] The diameter of the constriction is preferably 
smaller than the diameter of the plug, at least in the area Where 
the constriction seals With the plug. Furthermore, the diam 
eter of the passageWay of the plunger is preferably in at least 
one location other than at the constriction larger than the 
largest diameter of the plug. This provides that the constric 
tion of the plunger seals With a plug that is movably insertable 
into the passageWay of the plunger. Trapped air in the car 
tridge can escape through the gap betWeen the Wall of the 
passageWay and the inserted plug until the seal is established 
betWeen the constriction and the plug. It is preferred that the 
cartridge is then substantially free of air. According to the 
present invention, substantially free of air is de?ned as being 
free of air to the point Where any remaining air does not 
interfere With the purpose or effect of the material being 
dispensed. 
[0009] According to a preferred embodiment, the constric 
tion of the plunger forms a sealing lip that forms the seal With 
the plug. The sealing lip, the plug, or both are preferably 
deformable. Thus, once the plug is inserted into the passage 
Way and reaches the sealing lip, the plug de?ects the sealing 
lip (or the sealing lip de?ects the plug, or each of them 
de?ects), and the sealing lip is biased against the plug. 
[0010] The present invention also encompasses that the 
inner surface of the plunger at the ?rst end of the plunger is 
angled backWardly toWards the passageWay. In other Words, 
the ?rst end surface of the plunger is inWardly tapered toWards 
the passageWay, or progressively recessed toWards the pas 
sageWay. This assists in guiding trapped air along the ?rst end 
surface to the passageWay once the plunger is inserted and 
moved toWard the substance in the cartridge. 
[0011] According to a preferred embodiment, the back 
Wardly-angled ?rst end surface of the plunger terminates at 
the constriction. Alternatively, the constriction is set back in 
the passageWay With respect to the backWardly-angled ?rst 
end surface of the plunger. 
[0012] According to a second aspect of the present inven 
tion, a plunger for a cartridge is provided. The plunger has a 
?rst end and an opposite second end, and a passageWay that 
extends betWeen the ?rst and second ends. The passageWay 
comprises a deformable ?rst sealing lip that projects into the 
passageway. 
[0013] As described With respect to the ?rst aspect of the 
present invention, the ?rst end surface of the plunger of the 
second aspect is preferably angled backWardly toWards the 
passageWay, and more preferably terminates in the deform 
able ?rst sealing lip. 
[0014] The deformable sealing lip is preferably deformable 
by a plug that is insertable into the passageWay from the 
second end of the plunger and movable in the passageWay. 
More preferably, the ?rst sealing lip is deformable by the plug 
toWards the ?rst end of the plunger. The deformable ?rst 
sealing lip and the inserted plug form a seal. Alternatively, the 
?rst sealing lip is not deformable but rigid, and the plug is 
deformable by the rigid lip. 
[0015] Prior to the insertion of a plug, the surface of the ?rst 
sealing lip is preferably angled or canted toWards the passage 
Way. More preferably, the ?rst sealing lip comprises an edge. 
[0016] The smallest diameter of the passageWay of the 
plunger of the second aspect is preferably smaller at the ?rst 
sealing lip than the smallest diameter of the plug. 
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[0017] It is preferred according to the ?rst and second 
aspect of the present invention that the outer diameter of the 
plunger increases towards the edge of the plunger at its ?rst 
end. Thus, the plunger comprises a ?rst part having a substan 
tially constant outer diameter, and a second part having a 
diameter that increases from the diameter of the ?rst part 
toWards the ?rst end of the plunger. Preferably, the edge at the 
?rst end of the plunger is formed as a second sealing lip for 
sealing against an outside Wall, for example of the cartridge. 
[0018] The plunger of the ?rst or second aspect is prefer 
ably cylindrical in shape. 
[0019] According to a third aspect, the present invention 
provides a plunger assembly for a cartridge. The plunger 
assembly comprises a plunger With a ?rst end and an opposite 
second end, and With a passageWay extending betWeen the 
?rst and second ends. The plunger assembly further com 
prises a plug that is insertable into the passageWay. The 
plunger assembly also comprises at least one constriction 
Within the passageWay betWeen the ?rst end and the second 
end of the passageWay/plunger, The diameter of the constric 
tion is smaller than the diameter of the plug, at least in the area 
Where the constriction seals With the plug. The constriction 
preferably forms a sealing lip for forming a seal With the plug. 
More preferably, the sealing lip is deformable. Alternatively, 
the sealing lip is not deformable but rigid, and the plug is 
deformable by the rigid lip It is also preferred at the plunger 
assembly according to the third aspect of the present inven 
tion that the diameter of the passageWay in at least one loca 
tion other than at the constriction is larger than the largest 
diameter of the plug. 
[0020] A retention element may be provided for locking the 
plug With the plunger When being assembled. Preferably, the 
plug comprises a stepped con?guration having a ?rst diam 
eter in the area Where the constriction seals With the plug, and 
a second larger diameter closer to the front end of the plug. 
Thus, the plug is locked With the plunger against a reverse 
movement once it is inserted into the passageWay in that the 
constriction abuts against the step. More preferably, the 
stepped con?guration is provided in form of an indented ring 
into Which the constriction lip ?ts to lock the plug in place. It 
is further preferred that locking of the plug happens before (e. 
g. short before) the plug has reached its end position While it 
is inserted into the passageWay so as to provide the possibility 
to move the plug to its end position and to move it back to the 
lock position. Alternatively, the passageWay includes an 
indented ring, and the plug includes a protruding ridge for 
locking the plug With the plunger. 
[0021] According to a fourth aspect, the present invention 
relates to a system for storing a substance. The system com 
prises a container having a compartment for storing the sub 
stance, and a plunger according to the present invention. The 
plunger is displaceable in the container compartment. Fur 
thermore, the system also comprises a plug that is displace 
able in the passageWay of the plunger. Preferably, the com 
partment is a generally cylindrical compartment. 
[0022] As described above, the plunger of the system for 
storing a substance according to the invention comprises at 
least one constriction that is arranged in the passageWay 
betWeen the ?rst end and the second end of the plunger. The 
diameter of the constriction is smaller than the smallest diam 
eter of the plug, at least in the area Where the constriction 
touches the plug. Furthermore, the diameter of the plug is 
preferably smaller than the diameter of the passageWay. More 
preferably, a space is formed betWeen the Wall of the passage 
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Way and the plug such that air trapped in the container com 
partment is alloWed to escape through this space, and such 
that excess substance in the compartment is receivable in this 
space When the plunger is moved in the compartment. Pref 
erably, excess substance is stored in the space once the plug 
has reached the ?rst sealing lip of the plunger. 
[0023] In the system for storing a substance according to 
the invention, the plunger preferably comprises a ?rst end 
edge that is formed as a second sealing lip for sealing against 
an outside Wall. Preferably, the second sealing lip abuts 
against the inner Wall of the container compartment. 
[0024] According to a preferred embodiment of the inven 
tion, the plug comprises at its back end a ?ange. The diameter 
of the ?ange is preferably siZed to close the space at the 
second end of the plunger. Thus, the diameter of the ?ange 
corresponds to the inner diameter of the plunger passageWay 
at the second end of the plunger. 
[0025] The container may also comprise a dispensing open 
ing for dispensing the stored substance. 
[0026] The stored substance is preferably a dental sub 
stance, for example, a dental paste or ?uid such as a resin 
modi?ed glass ionomer ?lling material, composite ?lling 
material, modi?ed composite material, etc. 
[0027] According to a preferred embodiment of the present 
invention, the container of the system comprises tWo or more 
compartments for storing different substances. For each com 
partment, a plunger according to the invention is preferably 
provided. The system also comprises further plugs being 
displaceable in the passageways of the plungers for the addi 
tional compartments. In this case, the plugs are preferably 
connected to each other, for example by a connecting bar. 
More preferably, the plungers are connected to each other at 
their second end. It is further preferred that the plungers are 
connected to each other by a connecting bar that is integrally 
formed as one piece With the plungers. The plugs may also be 
integrally formed as one piece With the connecting bar. Pref 
erably, a retention element is provided for locking the plugs 
With the plunger When being assembled. It is further preferred 
that locking of the plugs happens before (e.g. shortly before) 
the plugs have reached their end position While they are 
inserted into the passageWays so as to provide the possibility 
to move the plugs to their end position and to move them back 
to the lock position. 
[0028] According to a ?fth aspect of the present invention, 
a method of ?lling and sealing a substance in a storing system 
is provided. A container having a compartment for the sub 
stance is provided. The compartment is ?lled With the sub 
stance. A plunger according to the invention is placed into the 
compartment. The plunger is advanced further toWards the 
substance until the substance passes the ?rst sealing lip of the 
plunger, Wherein air is able to escape into the passageWay. 
The plug is pushed into the passageWay of the plunger until 
the ?rst sealing lip is sealed against the plug. 
[0029] Preferably, excess substance passing the ?rst seal 
ing lip is received in the space betWeen the Wall of the pas 
sageWay and the plug. The plug and the ?rst sealing lip 
preferably form a seal against the substance contained in the 
compartment. 
[0030] According to a further embodiment the seal is pro 
vided as separate part and assembled into the passageWay of 
the plunger. The seal preferably has a triangular cross-sec 
tional shape or a circular cross-sectional shape (O-ring). The 
passageWay of this embodiment preferably (but not necessar 
ily) has a stepped con?guration, Which means that the pas 
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sageWay has a ?rst diameter towards the front end of the 
plunger and a second diameter towards the back end of the 
plunger, Wherein the ?rst diameter is smaller then the second 
diameter. The seal is received in the second diameter and 
abuts at the step betWeen the ?rst and second diameter, thus 
being ?xed against displacement When the plug is inserted in 
the passageWay. Preferably, the plug comprises a circumfer 
ential ?ange for pressing the seal against the step. 
[0031] According to another further embodiment the seal is 
provided at the front end of the plug rather than in the pas 
sageWay. The seal is preferably of a triangular cross-sectional 
shape and preferably deformable, thus forming a ?exible 
sealing lip. Preferably the diameter of the sealing lip is sub 
stantially larger than the diameter of the passageWay. The 
plug is preferably pre-assembled With the plunger in a manner 
that the back end of the plug is located in the passageWay of 
the plunger and the sealing lip is located outside of the pas 
sageWay. Preferably the sealing lip is located Within the 
inWardly tapered area at the front end of the plunger, Wherein 
the sealing lip does not touch the plunger, providing that the 
plug does not seal With the plunger at this stage. 
[0032] According to a further alternative embodiment of 
the present invention, a method of ?lling and sealing a sub 
stance in a storing system is provided. A container having a 
compartment for the sub stance is provided. The compartment 
is ?lled With the substance. A plunger assembly according to 
the second alternative embodiment is placed into the com 
partment. The plunger assembly is advanced further toWards 
the sub stance until the substance penetrates into the front end 
of the passageWay of the plunger, Wherein air is able to escape 
betWeen the plug and the passageWay. The plug is pulled back 
toWards the back end of the plunger until the sealing lip has 
moved into the passageWay, thus sealing With the plunger. 
Because of the larger diameter of the sealing lip and because 
the sealing lip is deformable the sealing lip de?ects toWards a 
direction of the sub stance ?lled in the compartment When it is 
moved into the passageWay. 
[0033] The present invention provides various advantages. 
First, ventilation is provided so that air contained in the com 
partment can escape While the plunger is inserted so that 
substantially no air is trapped in the container. Furthermore, a 
good encapsulation of the material is achieved Which is very 
important With respect to aging of the material. An increased 
sealing effect is provided by the present invention upon expel 
ling material (When the plunger is pushed forWard), because 
both the ?rst and second seals increase contact force to their 
respective contact surface upon increase of pressure in the 
container compartment (upon expelling material). Further 
more, the plunger, the plunger assembly, and the system of the 
invention are easy to manufacture. 

[0034] A further advantage of the plunger of the invention 
is that the system can be ?lled through the plunger so that the 
container-plunger assembly can in fact be preassembled. In 
this case the plunger is placed in the container, and this 
pre-assembly is placed in the ?lling machine for ?lling the 
material through the passageWay of the plunger into the con 
tainer. After ?lling, the container-plunger pre-assembly is 
closed by the plug. Preferably closing is done by the steps of 
inserting the plug into the passageWay completely and mov 
ing it back by a short distance so as to relieve the pressure in 
the container. 

[0035] A further advantage of the invention over conven 
tional systems is that it can compensate for unequal ?lling 
performance during manufacturing, to a considerable extent, 
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because it alloWs to accommodate a considerable amount of 
substance in the passageWay of the plunger so as to provide 
that the plunger can be moved to a prede?ned position When 
inserted into the compartment While excess substance is dis 
placed into the passageWay of the plunger. 
[0036] The excess substance is encapsulated betWeen the 
Wall of the passageWay and the outer surface of the plug When 
the plug has been inserted into the passageWay. 
[0037] This is furthermore of advantage in combination 
With a system comprising a container having tWo or more 
compartments, because the plungers can be inserted into the 
container simultaneously to a prede?ned position While 
excess substance from all compartments Will be displaced 
into the passageWays of the plungers independently from one 
another. 
[0038] All described embodiments of the invention may 
also be used With a delivery system that alloWs ?lling from the 
front end (e. g. ?lling through the dispensing opening of the 
delivery system). In this case the plunger may be preas 
sembled in the container. The container ?lls from the front 
end toWards the back end, Wherein the air escapes through the 
passageWay of the plunger. Filling is stopped When substance 
has passed the sealing lip in the plunger. After ?lling, the 
container-plunger pre-assembly is closed by the plug at it 
back end. The front end may be closed before or after closing 
of the back end. 
[0039] Alternatively the plunger is not pre-assembled With 
the container during ?lling from the container front end. In 
this case the container is closed after ?lling as described for 
the system not alloWing ?lling from the front end. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Further advantages Will be apparent from the 

folloWing description and draWings of the preferred 
embodiments of the present invention: 

[0040] FIG. 1 shoWs a plunger according to a preferred 
embodiment of the invention; 
[0041] FIG. 2 shoWs a plunger according to an alternative 
embodiment of the invention; 
[0042] FIG. 3 shoWs an exploded vieW of a plunger assem 
bly for a cartridge according to the present invention; 
[0043] FIG. 4 shoWs an exploded vieW of a system for 
storing a substance according to the present invention; 
[0044] FIG. 5 shoWs the method of ?lling and sealing a 
substance in a storing system (schematic vieWs) according to 
the invention; 
[0045] FIG. 6 shoWs a system for storing a substance 
according to an alternative embodiment of the invention; 
[0046] FIG. 7 shoWs the method of ?lling and sealing a 
substance in a storing system (schematic vieWs) according to 
FIG. 6; 
[0047] FIG. 8 shoWs the system of FIG. 4 With a modi?ed 
Plug; 
[0048] FIG. 9 shoWs the system of FIG. 6 With an additional 
retention element; 
[0049] FIG. 10 shoWs a system for storing a substance 
according to a further alternative embodiment of the inven 
tion; 
[0050] FIG. 11 shoWs a cross-sectional vieW of a container 
having tWo compartments and a dispensing cannula; 
[0051] FIG. 12 shoWs a perspective vieW of the container of 
FIG. 11; 
[0052] FIG. 1311, b shoW a plunger assembly for a cartridge 
according to a further embodiment of the invention; and 
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[0053] FIG. 14a, b show a plunger assembly for a cartridge 
according to a further embodiment of the invention. 

[0054] FIG. 1 shows a plunger 10 for a cartridge (not 
shoWn) according to a ?rst embodiment of the invention. 
Plunger 10 comprises a ?rst end 11 and an opposite second 
end 12. Plunger 10 also comprises a passageWay 13 that 
extends betWeen the ?rst end 11 and the second end 12. As 
shoWn in FIG. 1, the diameter D of passageWay 13 is prefer 
ably constant along a substantial length of the passageWay 13. 
Plunger 10 according to the present invention also comprises 
a constriction 14 that is arranged in the passageWay 13 
betWeen the ?rst end 11 and the second end 12. Diameter d of 
the constriction 14 is smaller than diameter D of the passage 
Way 13, and is also smaller than the smallest diameter of a 
plug (not shoWn in FIG. 1) that is insertable into the passage 
Way. The plunger-plug combination is described in more 
detail beloW. 

[0055] As shoWn in FIG. 1, constriction 14 is preferably 
formed as a sealing lip. In the preferred embodiment shoWn in 
FIG. 1, the cross-sectional shape of the sealing lip is substan 
tially triangular. That is, the sealing lip comprises angled 
surfaces that preferably terminate in an edge 15. Other sealing 
lips, surfaces, or arrangements may also be used, such as 
sealing bulges, o-rings, ?at sealing collars of a substantially 
rectangular cross-sectional shape (doWn to a ?lm-like thick 
ness ofe. g. 0.5 mm or less) etc. It may also be provided, that 
the passageWay comprises more than one constriction in a 
sequential arrangement along its longitudinal axis. Further 
more a combination of various sealing lips, surfaces, or 
arrangements may be provided. 
[0056] In the preferred embodiment of FIG. 1, surface 19 at 
the ?rst end 11 of plunger 10 is angled backWardly toWards 
the passageWay 13. In use, plunger 10 is inserted into a 
cartridge such that surface 19 at the ?rst end 11 of plunger 10 
faces the material contained in the cartridge. In the embodi 
ment shoWn in FIG. 1, the backWardly-angled surface 19 
terminates at the constriction 14 so that the backWardly 
angled surface 19 and the constriction 14 form an overall 
surface facing the material that is progressively recessed 
toWards the passageWay 13. As Will be described in more 
detail beloW, air that is present in the container can thus be 
easily forced into the passageWay While the plunger is 
inserted so that substantially no air is trapped in the container 
once it is closed by plunger 10 and plug 20. 
[0057] The ?rst end 11 of plunger 10 is also preferably 
formed as a second sealing lip 16 for sealing against an 
outside Wall, for example of the container. As shoWn in FIG. 
1, the outer diameter of the plunger 10 increases toWards the 
edge of the plunger 10 at the ?rst end 11. 
[0058] FIG. 2 shoWs an alternative embodiment of the 
plunger-of the invention. Plunger 10' shoWn in FIG. 2 also 
comprises a ?rst end 11', an opposite second end 12', and a 
passageWay 13' extending therethrough. HoWever, in contrast 
to the embodiment shoWn in FIG. 1, plunger 10' shoWn in 
FIG. 2 comprises a constriction 14' that is arranged in the 
passageWay 13' but positioned toWards the back end 12' of the 
passageWay 13', ie spaced from the area of the plunger 10' 
Where the ?rst end surface 19' of the plunger 10' is angled 
backWardly toWards the passageWay 13'. 
[0059] In the embodiment shoWn in FIG. 2, the constriction 
14' is also formed such that an edge 15' is formed. Moreover, 
the outer diameter of plunger 10' increases toWards the ?rst 
end 11' so that a second sealing lip 16' is formed. 
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[0060] A plunger assembly according to the invention is 
shoWn in FIG. 3. FIG. 3 shoWs plunger assembly 30 compris 
ing a plunger 10 according to the embodiment shoWn in FIG. 
1. HoWever, the plunger assembly 30 is not limited to a 
plunger 10 according to this embodiment. Other plunger 
designs such as the embodiment shoWn in FIG. 2 are also 
encompassed by the present invention. Plunger assembly 30 
also comprises a plug 20. Plug 20 comprises a ?rst end 24 and 
a second end 22. Preferably, a ?ange 21 is provided at second 
end 22. Plunger 10 shoWn in FIG. 3 is identical to plunger 10 
shoWn in FIG. 1 so that a detailed description of plunger 10 is 
omitted. 
[0061] As can be seen in FIG. 3, the diameter d of the 
constriction 14 is preferably smaller than the diameter A of 
the plug 20 at least on the area Were the constriction 14 seals 
With the plug 20. The seal betWeen constriction 14 and plug 
20 is shoWn in more detail in FIG. 5. The ratio of the diameter 
d of the constriction relative to the diameter A of the plug is 
smaller than 1, preferably Within a range of 0.75 to 0.5. In an 
exemplary embodiment the constriction has a diameter of 1.5 
mm and the plug has a diameter of 2.15 mm. These siZes and 
ratios can depend on the materials from Which the various 
components are made, especially from Which the plunger is 
made. In the exemplary embodiment the plunger is made out 
of polypropylene. If more rigid materials (e. g. polyamide, 
polyoxymethylene) are used the ratio d to A Will be closer to 
1 relative to the exemplary embodiment. Preferably the plugs 
are made out of polypropylene or of a more rigid material like 
eg polycarbonate, polybutyleneterephtalate, Wherein the 
ratio d to A preferably is similar or equal for the different 
materials. 
[0062] It is also preferred in the embodiment shoWn in FIG. 
3 that the diameter D of the passageWay 13 is larger than the 
largest diameterA of the plug 20, in at least one location other 
than at the constriction 14. The term “largest diameter of the 
plug” does not include the diameter of a preferred ?ange 21, 
as clearly shoWn in FIG. 3. The ratio of the diameter d of the 
constriction relative to the diameter D of the passageWay is 
smaller than 1, preferably Within a range of 0.75 to 0.5. In an 
exemplary embodiment the constriction has a diameter of 1.5 
mm and the passageWay has a diameter of 2.5 mm. 

[0063] FIG. 4 shoWs a system 50 for storing a substance 
according to the invention. System 50 comprises a container 
40, a plunger 10, and a plug 20. Container 40 is a receptacle 
having a compartment 41 for storing a substance 42. Con 
tainer 40 furthermore comprises an opening 44 into Which 
plunger 10 can be inserted. Although not shoWn in FIG. 4, 
container 40 may also comprise a dispensing opening for 
dispensing the substance. Preferably, such dispensing open 
ing is located in the container Wall opposite opening 44. 
[0064] Plunger 10 of the invention can be inserted into and 
moved in the container compartment 41. Once plunger 10 is 
inserted into the container compartment 41, the second seal 
ing lip 16 of plunger 10 abuts against the inner Wall 43 of the 
container compartment 41 so that a seal is established 
betWeen second sealing lip 16 and container 40. If no second 
sealing lip 16 is provided, the outer diameter of plunger 10 
preferably corresponds to the compartment diameter so that 
the plunger Wall seals against the compartment Wall 43. 
[0065] Furthermore, plug 20 can be inserted into the pas 
sageWay 13 of plunger 10, as described in more detail beloW 
With reference to FIG. 5. 

[0066] FIG. 5 shoWs a sequence of four pictures A through 
D. In FIG. 5, reference numerals have been essentially omit 
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ted in order to clearly show the components of the storing 
system of the invention. However, since the components of 
the storing system shown in FIG. 5 are identical to the com 
ponents shown in FIG. 4, the reference numerals of FIG. 4 
will be used for the following explanation of FIG. 5. 
[0067] The components of the storing system of the inven 
tion shown in FIG. 5A are identical to the components shown 
in FIG. 4. However, in contrast to FIG. 4, in FIG. 5A, plunger 
10 is already inserted into the container compartment 41 but 
has not yet reached substance 42. 
[0068] FIG. 5B shows plunger 10 advanced to its desired 
position within the container compartment 41. The two 
arrows shown in FIG. 5B indicate that the plunger has been 
advanced to this position in comparison to FIG. 5A. It can be 
seen in FIG. 5B that a small amount of the substance 42 stored 
in the container has been displaced across the constriction 14 
into the passageway 13 of the plunger 10. 
[0069] FIG. 5C shows the plug 20 being inserted into the 
passageway 13 of the plunger 10. The plug 20 has been 
pushed to a position where its front end 24 already contacts 
the sealing lip 14. FIG. 5C clearly shows that sealing lip 14 is 
already slightly de?ected by the plug 20 towards the interior 
of the container. 
[0070] It is also shown in FIG. 5C that the diameterA of the 
plug 20 is smaller than the diameter D of the passageway 13 
of the plunger 10 so that a space 17 (see FIG. 5D) is formed 
between the wall of the passageway 13 and plug 20. Excess 
material is stored in space 17. 
[0071] In FIG. 5C, the compartment is fully closed by the 
plunger 10 and plug 20. Upon further movement of the plug 
20 into the plunger 10, the plunger 10 is pushed back, which 
is shown in FIG. 5D by the two black arrows pointing 
upwards. Plunger 10 is pushed back by the pressure which 
builds up within the material stored in the container 40 
because the material 42 is substantially incompressible. If the 
plug 20 comprises a ?ange 21 at its back end 22, the plug 20 
is preferably pushed into the plunger 10 until the second end 
12 of the plunger 10 has reached the ?ange 21 of the plug 20 
so that the upper end of the space 17 between the plug 20 and 
the plunger 10 is closed by the ?ange 21 (see FIG. 5D). 
Excess substance is thus kept in the space 17. 
[0072] Although not shown, it is preferred that the plug 20 
is pushed completely into the plunger 10 and moved back by 
a short distance in order to relieve residual pressure. This 
residual pressure results from a certain elasticity of the con 
tainer walls and from the fact that a balance will be reached 
between the pres sure building up in the container and friction 
forces that have to be overcome to move plug 20 relative to 
seal 14 as well as to push plunger 10 back within the con 
tainer. 
[0073] As shown in FIG. 8, the plug 20 preferably com 
prises a stepped con?guration or indented ring 25 with a 
smaller diameter into which the constriction lip 14 ?ts to lock 
the plug 20 in place within the plunger 10. 
[0074] It is also clear from FIG. 5 that air that is present in 
the space between the ?rst end surface 19 of the plunger 10, 
and the substance 42 contained in the container 40 is allowed 
to escape through the constriction 14 and through the vent 
passageway 13. Due to the backwardly-angled shape of the 
surface 19 of the plunger 10, and due to the angled surface of 
the constriction 14, any air is forced upwards to the vent 
passageway so that almost no air is trapped in the container 
when excess material ?ows into the passageway (see FIG. 
5B). Initially, the plunger does not have structures allowing 

Sep.25,2008 

air to be trapped when the plunger is pushed into the sub 
stance because the sealing lip is unde?ected. However, the 
sealing lip forms an improved seal after the plug is inserted. 
The material in the container is completely sealed due to the 
seal between sealing lip 14 and plug 20, and due to the seal 
between second sealing lip 16 and the container wall. 
[0075] Since the sealing lip 14 is oriented towards the mate 
rial (see FIG. 5D), the sealing effect will even increase when 
the pressure in the material increases, for example, when 
material is pressed forward by the plunger and plug and 
dispensed through a dispensing opening (not shown). The 
taper providing the second sealing lip also increases the seal 
effect when the pressure on the lip increases. An additional 
seal effect as well as a lock of the plug in the plunger are 
provided by the indented ring 25 (see FIG. 8). Due to the step 
in diameter, the plug is locked against the constriction 14 so 
that continued pressure of the plunger 10 forward does not 
cause the substance to force the plug backward and out of 
sealing engagement with the constriction 14. 
[0076] FIG. 6 shows an alternative embodiment of the stor 
ing system of the invention. In the embodiments shown in 
FIG. 6, the container 40 comprises a ?rst compartment 41a 
for a ?rst substance 42a, and a second compartment 41b for a 
second substance 42b. A ?rst plunger 10a is provided for the 
?rst compartment 41a, and a second plunger 10b is provided 
for the second compartment 41b. In the preferred embodi 
ment shown in FIG. 6, the two plungers 10a and 10b are 
connected to each other by a connecting bar 18. Preferably, 
the two plungers 10a and 10b are integrally formed as one 
piece. 
[0077] A ?rst plug 20a and a second plug 20b are provided 
for sealing the compartments. The two plugs 20a and 20b are 
preferably connected by a connecting bar 23. Preferably, a 
retention element 26 (shown in FIG. 9) is provided at the 
connecting bar 23. Retention element 26 engages with a 
corresponding recess 19 at the back end of the walls of plung 
ers 10a, 10b. Once engagement is established, the relative 
position between plugs 20a, 20b and plungers 10a, 10b is 
substantially ?xed. 
[0078] FIG. 7 shows how two different substances can be 
sealed in the two compartments of the storing system of FIG. 
6. Since the components shown in the four pictures of FIG. 7 
are identical to the components shown in FIG. 6, reference 
numerals are omitted in FIG. 7 for clarity. 
[0079] FIG. 7A shows the components of the storing sys 
tem of this embodiment of the invention in their initial posi 
tion. FIG. 7A is identical to FIG. 6.As can be seen in FIG. 7A, 
the two compartments are ?lled with the substances to differ 
ent ?ll levels. 

[0080] In FIG. 7B, the plungers have already been 
advanced to their desired position. Due to the different ?ll 
levels in the different compartments, different amounts of 
excess substance have passed the constriction and are now 
contained in the passageway of each plunger. In the next step, 
the two plugs are inserted into the passageways until they 
reach and de?ect the sealing lips to form a seal (FIG. 7C). The 
excess substance contained in the passageway of each 
plunger is stored in the space between the plug and the 
plunger wall. In the ?nal step (see FIG. 7D), the plungers are 
pushed further into the compartments so that the substantially 
incompressible material lifts the plungers until the connect 
ing bar of the plunger contacts the connection bar of the plugs. 
[0081] Although not shown, it is preferred that the plugs are 
pushed completely into the plungers and then moved back by 
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a short distance in order to relieve residual pressure. This 
residual pressure results from a certain elasticity of the con 
tainer Walls and from the fact that a balance Will be reached 
betWeen the pres sure building up in the container and friction 
forces that have to be overcome to move plugs relative to seals 
as Well as to push the plungers back Within the container 
compartments. 
[0082] The embodiment of the storing system shoWn in 
FIGS. 6 and 7 is advantageous because it compensates for 
imprecise ?ll tolerances and different ?ll levels in the con 
tainer compartments. This is bene?cial because it is very 
dif?cult to ?ll tWo compartments With precisely equal 
amounts or equal ?ll levels of material. 
[0083] This is especially advantageous if the invention is 
used in combination With a delivery system having tWo or 
more compartments ?lled With components that are mixed 
together When the system is used (e. g. When the substances 
stored in the compartments are expelled through a single 
dispensing opening by displacing the plunger assembly). In 
this case the ?lling volumes of the individual components 
have to be Within a prede?ned ratio relative to each other (e. 
g. 1:1, 2:1, 3:1 etc). 
[0084] If a dual plunger arrangement is used (as in FIGS. 6 
and 7), the plungers are simultaneously advanced toWards the 
substance until both compartments are substantially free of 
air (in the manner described above, and also as shoWn in FIG. 
7B). The dual plug arrangement is pushed into the passage 
Ways of the plunger arrangement, thus sealing the compart 
ment (FIGS. 7C and 7D). As it can be seen in FIG. 7D, the 
ratio of the ?lling volume of the individual components is 
de?ned by the geometry of the delivery system rather than the 
?lling system. 
[0085] In an alternative embodiment to the storing system 
shoWn in FIGS. 6 and 7 the plungers are of a different length, 
different diameters, or the plungers (not connected to each 
other) are inserted to different positions Within the compart 
ment. This is advantageous if the storing system is used for 
providing components in unequal proportion for mixing after 
the components have been completely expelled from the 
delivery system. Thus, the invention includes a system having 
materials in tWo compartments Wherein there are substan 
tially different amounts of material in the tWo compartments, 
for example ratios of from approximately 1:2 to approxi 
mately 1:10. 
[0086] FIG. 10 shoWs a system for storing a substance 
according to a further alternative embodiment of the inven 
tion. The system of the embodiment of FIG. 10 also com 
prises tWo compartments for storing tWo materials. In this 
embodiment, these tWo compartments are arranged concen 
trically Within container 400. Reference numeral 411 denotes 
the inner compartment Which is surrounded by annular com 
partment 410. 
[0087] In the same Way, plunger 100 comprises an inner 
plunger portion 102 as Well as an annular outer plunger por 
tion 101. Both plunger portions 101, 102 are arranged con 
centrically. Outer plunger portion 101 is substantially cylin 
drical and comprises at its inner surface a sealing lip 140. The 
inner plunger portion 102 is substantially inverse U-shaped 
and substantially annular. At its outer surface, a sealing lip 
141 is provided. Sealing lips 140 and 141 from a ?rst con 
striction associated With the outer compartment 410. The 
inner surface of annular plunger portion 102 comprises a 
constriction 142 associated With the inner compartment 411. 
Apart from the concentric arrangement, plunger 100 and the 
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provided constrictions are arranged and dimensioned as 
described above With reference to the other embodiments of 
the present invention. 
[0088] Plug 200 comprises an innerplug portion 201 and an 
outer annular plug portion 202. Both plug portions 201, 202 
are concentrically arranged. The annular outer plug portion 
202 and the inner cylindrical plug portion 201 are connected 
by connecting plate or disk 230. As shoWn in FIG. 10, the 
constrictions of the plunger seal against the plug portions 
extending through the plunger passageWays. 
[0089] Plunger 100 is preferably integrally formed as one 
part, Wherein the plunger portions 101, 102 are connected 
preferably by spokes at their back end. In the area of the 
spokes of plunger 100 the connecting disk 230 of plug 200 is 
recessed so that both parts engage With one another When 
assembled With each other (not shoWn). 
[0090] An exemplary container 80 having tWo compart 
ments and a dispensing cannula 81 is shoWn in FIGS. 11 and 
12. The plunger 82 and plug 83 assembly according to the 
present invention is also shoWn in these Figs. Similar con 
tainers for use With the system of the present invention are 
shoWn in WO 2005/016783. 
[0091] FIGS. 13a and 13b shoW a plunger assembly 
according to a further embodiment of the present invention. A 
seal 14" is provided as separate part and assembled into the 
passageWay 13" of the plunger 10". Seal 14" preferably has a 
triangular cross-sectional shape (not shoWn) or a circular 
cross-sectional shape (o-ring). The passageWay 13" of this 
embodiment preferably (but not necessarily) has a stepped 
con?guration, Which means that the passageWay has a ?rst 
diameter D1 toWards the front end of the plunger 10" and a 
second diameter D2 toWards the back end of the plunger 10", 
Wherein the ?rst diameter D1 is smaller then the second 
diameter D2. The seal 14" is received in the second diameter 
D2 and abuts at the step 95 betWeen the ?rst and second 
diameter D1, D2, thus being ?xed against displacement When 
the plug 20" is inserted in the passageWay 13". 
[0092] In FIG. 1311 the plug 20" is still not completely 
inserted into the passageWay 13" of the plunger 10". FIG. 13b 
shoWs the plunger assembly of this embodiment of the inven 
tion after the plug 20" has been inserted in the passageWay 
13". In this stage the plug 20" seals With the plunger 10" by 
compressing the seal 14" betWeen the Wall of the passageWay 
With the diameter D2 and the plug 24'. Preferably, plug 20" 
comprises a circumferential ?ange 28" for pressing the seal 
against the step 95. 
[0093] FIG. 14a and 14b shoW a plunger assembly accord 
ing to a further embodiment of the invention. A seal 14"‘ is 
provided at the front end of the plug 20"'. The seal 14'" is 
preferably of a triangular cross-sectional shape and prefer 
ably deformable, thus forming a ?exible sealing lip . Prefer 
ably the diameter A'" of the sealing lip 14"‘ is substantially 
larger than the diameter D'" of the passageWay 13"‘. The plug 
20"' is preferably pre-assembled With the plunger 10"‘ in a 
manner that the back end of the plug 20"' is located in the 
passageWay 13"‘ ofthe plunger 10"‘ and the sealing lip 14'" is 
located outside of the passageWay 13"‘. Preferably the sealing 
lip 14'" is located Within the inWardly tapered area 19"‘ at the 
front end of the plunger 10"‘, Wherein the sealing lip 14"‘ does 
not touch the plunger 10"‘, providing that the plug 2040 " does 
not seal With the plunger 1040 " at this stage (shoWn in FIG. 
14a). 
[0094] FIG. 14b shoWs the plunger assembly according to 
this embodiment of the invention in a stage Where the plug 
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2040 " has been pulled back towards the back end of the 
plunger 10'", and the sealing lip 1440 " has moved into the 
passageway 13'". In this stage the plug 20"' seals with the 
plunger 1040 ". Because of the larger diameter A"' of the 
sealing lip 14'" and since the sealing lip is deformable, the 
sealing lip 1440 " has de?ected towards a direction of the 
front end of the plunger 11"' upon displacement into the 
passageway. 
[0095] The present invention has now been described with 
reference to several embodiments thereof. The foregoing 
detailed description has been given for clarity of understand 
ing only. No unnecessary limitations are to be understood 
therefrom. Many changes can be made in the embodiments 
described without departing from the scope of the invention. 
Thus, the scope of the present invention should not be limited 
to the exact details and structures described herein, but rather 
by the structures described by the language of the claims and 
the equivalents of those structures. 

1-7. (canceled) 
8. A plunger for a cartridge, the plunger having a ?rst end 

and an opposite second end, and comprising a passageway 
extending between the ?rst and second ends, wherein the 
passageway comprises a deformable ?rst scaling lip project 
ing into the passageway. 

9-13. (canceled) 
14. The plunger of claim 8, wherein the surface of the ?rst 

sealing lip is angled towards the passageway. 
15. (canceled) 
16. The plunger of claim 8, wherein the ?rst sealing lip is 

elastic. 
17-18. (canceled) 
19. A plunger assembly for a cartridge comprising: 
a plunger having a ?rst end and an opposite second end, and 

comprising a passageway extending between the ?rst 
and second ends; 

a plug being insertable into the passageway; and 
at least one constriction within the passageway between the 

?rst end and the second end; 
wherein the diameter of the constriction is smaller than the 

diameter of the plug, at least in the area where the con 
striction seals with the plug. 

20. The assembly of claim 19, wherein the constriction 
forms a sealing lip for forming a seal with the plug. 

21. The assembly of claim 20, wherein the sealing lip is 
deformable, by the plug pushed towards the ?rst end of the 
plunger. 

22. The assembly of claim 19, wherein the diameter of the 
passageway in at least one location other than at the constric 
tion is larger than the largest diameter of the plug. 
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23. A system for storing a substance, the system compris 
mg: 

a container comprising a compartment for storing the sub 
stance; 

a plunger according to claim 1, the plunger being displace 
able in the container compartment; and 

a plug being movable in the passageway of the plunger. 
24-27. (canceled) 
28. The system of claim 23, the plug comprising at least 

one ?ange at its back ends wherein the diameter of the ?ange 
is siZed to close the space at the second end of the plunger. 

29. (canceled) 
30. The system of claim 23, the container comprising a 

dispensing opening for dispensing the substance, and 
wherein the system further includes the substance, and the 
substance is a material for dental use. 

31-35. (canceled) 
36. The system of claim 23, wherein the container com 

prises a further compartment for storing another substance, a 
further plunger according to claim 1 being displaceable in the 
further compartment, and a further plug being displaceable in 
the vent passageway of the further plunger. 

37-38. (canceled) 
39. The system of claim 36, wherein the plungers are 

connected to each other at their second end. 
40-42. (canceled) 
43. A method of ?lling and sealing a substance in a storing 

system, the method comprising the steps of: 
i) providing a container having a compartment for the 

substance; 
ii) ?lling the compartment with the substance; 
iii) placing a plunger according to claim 1, into the com 

partment; 
iv) advancing the plunger towards the substance until the 

substance passes the ?rst sealing lip, whereby air is able 
to escape into the vent passageway; and 

v) pushing a plug into the vent passageway of the plunger 
until the ?rst sealing lip is sealed against the plug. 

44. The method of claim 43, wherein between step iv) and 
step v) the excess substance passing the ?rst sealing lip is 
received in the space between the wall of the vent passageway 
and the plug. 

45. (canceled) 
46. The method of claim 43, wherein in an additional step 

vi) the plug is pushed back relative to the plunger by a short 
distance so that the ?rst sealing lip is still sealed against the 
plug. 

47. (canceled) 


